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(54) Photopolymerizable composition 

(57) A photopolymerizable composition comprising an addition-polymerizable compound having at least one ethyl- 
ene unsaturated double bond, a specific sensitizing dye represented by the following formula (I), and a titanocene com- 
pound: 
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The substituents in formula (I) are defined in the specification. 
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Description 

FIELD OF THE INVENTION 



♦« a ^ Pfe ? ent inVe ^° n r6,at S t0 3 P h0to P° | ymeri za ble composition. More particularly, the present invention relates 
len<£^ 

sensitivity also to a laser light, for example, Ar* laser and YAG-SHG laser. snowing gooa 

BACKGROUND OF TH F INVENTION 

and ^ 9 LT mber j ,f im89e ^!" a !! 0n meth0dS USing 3 Pnotopolymerization system have been conventionally known 
T^SrZZ 3 f 6 c" 96 01 ,,eldS SUCh 88 Prirtin9 p,a,e ' P rin,ed circuit - P** ^. hologram receding SlfcS 
tZZSE « W eXamp ' e ' th6re ^ ^ 3 meth0d ^ a Pnotcpolymerizabfe cornposHion^mprS 

imTJv!?'^ £ 9 9 " " b,ndef < " ld 8 thermal Po'^^tion inhibitor is provided on a support to form a 
film layerjhe layer ,s .magewse exposed to a desired image to cure the exposed area by polymerbationand men fte 

deSSf^f ,S , rem0ved w by disso,ufion to *™ « ^ image, a method where a KSSS^SS 

and then thesupport is peeled off to form an image, a method where a photosensitive material having a rrtcramSe 
LTniSr T 9 ! ph . 0,0 P 0, ^ erizab,e ""Posi*" and a coloring materia, such as a leuco dye is p e^^eXt 
sensitive matenal is image*** exposed to photocure capsules on the exposed area, the capsules on^TuniS 

ZLZ* ?T* *! * ^ treatm6nt *• C0 ' 0rin9 ma,erial dissolved «*» is P- '"to contart JZ 

ESJSr^* t0 ^ 8 ootold ima9e - an ima9e formafon method using me chle 

h?^! i„ T ^T^* ^ ph0t °P 0,ymerizab,e composition due to light and an image formation meVhoa uZ 
the change in refractive index of the photopolymerizaWe composition 9 

The photopolymerizaWe composition applied to these methods uses in many cases benzyl benzoin ether Mich- 
ler s ketone, anthraquinone, acridine. phenazine or benzophenone as a photopolymerization JSe 
pho^olymenzaton inrtiators are extremely low in the photopolymerization Saltan ability to JSiSTZ nm or 
more as compared wrth the photopolymerization initiation ability to ultraviolet light of 400 nm or less and acoonM? 
they are remarkably limited in their application range. accordingly, 
«v*?S2L« !' ma ? e u forma I ion techni q ue "as been developed, a photopolymer having high sensitivity to light 

T" t^" 19 demanded - ^ P""**""' * *» ^mple. a photosensL materia. 
« 'i!t?i ^ St*? r 05 ^ ° r for Plate maWn9 «■"■ a "SW 'aser. Highly expect* 
JT 5? 6r Wh ' Ch 6m,,S ,igM ° f 488 nm and a YAG-SHG laser which emits light of 532nm 

pJTCZ 5S ^SSSJT^T 2? on system sensitive to ,ight rays in visMe ligW re 9 ion - «•* p*°- 

uTp^t ^^ made Examples of the system include a certain kind of photosensitive dyes described in 
US. Patent 2,850 445. a composite inflation system of a dye and an amine (JP-EW4-20189 (the term "JP-B" as useS 
herein means an "examined Japanese patent publication-)), a combination use system of h^Sazole a raS 

SSSS JZ£XE£?^r^ °' hexaa ^ Wd -o.e 2d p^alkylam^Sn^ 
aonl^Ln? V/ 1 1 , ( 6 t6rm JP " A 35 USSd herein means an """examined published Japanese patent 
application )). a system of a cyclic cis-o-dicarbonyl compound and a dye (JP-A-54-84183) a svstem of» 

A-58-15503) a system of bnmidazcfe. a styrene derivative and a thiol (JP-A-59-1 40203). a system of an oroanic Z. 
grXaX^™)™ 

i««, 6 " a " ocene is effective as a photopolymerization initiator, which is described in JP-A-59-1 52396 JP-A-61 
151 197. JP-A-63-10602. JP-A-63-41484 and JP-A-3-12403. Examples of the comb-nation use include 
a system of trtanocene and a 3-ketocoumarin dye (JP-A-63-221 1 1 0), a system where titanocene a £Z» <£«tf 
^^ re '^.a*W«>polymerizable ethylenic unsaturated compoun?containing an amino gro^ a u'emant 

™££2Z2ST (JP " A " 221958 ' JP " A " 4 " 21 9756) " , a system of thanocene and a sS : ^ a! 

* ha , IT 656 C ° nvantional ^nniques are surely effective to visible light rays; however, they are bound to problems such 

SUMMARY OF THF !M\/FMT»nK| 

An object of the present invention is to provide a highly sensitive photopolymerizable composition. 
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Another object of the present invention is to provide a photopolymerizable composition highly sensitiv to visible 
light rays of 400 nm or mor and to light of 488 nm or 532 nm corresponding to the output of an Ar* laser or YAG-SHG 
laser, respectively. 

A further object of the present invention is to provide a photopolymerizable composition excellent in storage stabil- 
ity. 

The present inventors have found that a combination use system of a dye having a specific structure and a 
titanocene compound capable of generating active radicals upon light irradiation in the presence of the sensitizing dye 
exhibits very high sensitivity to the visible light rays of 400 nm or more and is excellent in storage stability. Based on this 
finding, the present invention has been accomplished. 

More specifically, these and other objects of the present invention have been attained by a photopolymerizable 
composition comprising an addition-polymerizable compound having at least one ethylenic unsaturated double bond, a 
sensitizing dye represented by the following formula (I) and a titanocene compound: 




wherein R 1( R 2 , R 3 and R 4 are the same or different, and each represents a hydrogen atom, a halogen atom, a substi- 
tuted or unsubstituted alkyl group, a substituted or unsubstituted aryl group, a hydroxyl group, a substituted or unsub- 
stituted alkoxy group, or a substituted or unsubstituted amino group, or R 1( R 2 , R3 or R 4 may be combined with a carbon 
atom in formula (I) to form a nonmetallic atom ring; R 5 represents a hydrogen atom, a substituted or unsubstituted alkyl 
group, a substituted or unsubstituted aryl group, a substituted or unsubstituted heteroaromatic group, a cyano group, a 
substituted or unsubstituted alkoxy group, a carboxyl group, or a substituted or unsubstituted alkenyl group; R 6 has the 
same meaning as R 5 or represents -Z-R 5 , in which Z represents a carbonyl group, a sulfonyl group, a suHinyl group or 
an arylenedicarbonyl group, or R 5 and Re may be combined with each other to form a nonmetallic atom ring; A repre- 
sents O, S, NH f or a nitrogen atom having a substituent; and B represents an oxygen atom or a group represented by 
the following formula: 

= C-G, 
G 2 

wherein and G 2 are the same or different, and each represents a hydrogen atom, a cyano group, a substituted or 
unsubstituted alkoxycarbonyf group, a substituted or unsubstituted aryloxycarbonyl group, a substituted or unsubsti- 
tuted acyl group, a substituted or unsubstituted arylcarbonyl group, a substituted or unsubstituted alkylthio group, a sub- 
stituted or unsubstituted arylthio group, a substituted or unsubstituted alkylsulfonyl group, a substituted or unsubstituted 
arylsulfonyl group, or a fluorosulfonyl group, provided that Gj and G2 are not a hydrogen atom at the same time, or Gj 
and G2 may be combined with each other to form a nonmetallic atom group together with a carbon atom. 

DETAILED DESCRIPTION OF THE INVENTION 

Preferably, the photopolymerization initiation system further contains at least one compound selected from the 
group consisting of the following compounds (1) to (8): 

(1) a compound having a carbon-halogen bond; 

(2) a ketone compound repr sented by the following formula (II): 
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wherein R and R are the same or different, and each represents a hydrogen atom or a substituted or unsub- 
stituted alkyl group, or R 7 and R 8 may be combined with each other to form a carbon ring with a carbon atom- 
and Ar represents an aromatic group selected from the following formulae: 




(Il-a) 



wherein R 9 . R 10 , R 1 1 , R 12 and R 13 are the same or different, and each represents a hydrogen atom, a halogen 
atom, a substituted or unsubstituted alkyl group, a substituted or unsubstituted alkenyl group, a substituted or 
unsubstituted aryl group, a hydroxyl group, a substituted or unsubstituted alkoxy group, an -S-R 15 group an - 
SC>R 15 group or an -SC^-R 15 group, provided that at least one of R 9 , R 10 , R 11 , r12 and R 13 ^presents an -S- 
R or -SO-R group, in which R 15 represents a hydrogen atom, a substituted or unsubstituted alkyl group, a 
substituted or unsubstituted acyl group, a substituted or unsubstituted aryl group or a substituted or unsubsti- 
tuted alkenyl group; L 1 represents a single bond or a substituted or unsubstituted alkylene group; R 14 repre- 
sents a hydrogen atom, a substituted or unsubstituted alkyl group or a substituted or unsubstituted acyl group- 
and Y represents a hydrogen atom or 
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wherein R 7 and R 8 have the same meanings as the above-described R 7 and R 8 ; 
(3) a ketocxime compound represented by the following formula (III): 




N — O-R 



I 7 



(III) 



4 



EP0 747 771A2 

wherein R 16 and R 17 are the same or different, and each represents a substituted or unsubstituted hydrocar- 
bon group which may contain an unsaturated bond or a substituted or unsubstituted heterocyclic group; R 18 
and R 19 are the same or different, and each represents a hydrogen atom, a substituted or unsubstituted hydro- 
carbon group which may contain an unsaturated bond, a substituted or unsubstituted heterocyclic group, a 
hydroxyl group, a substituted oxy group, a mercapto group or a substituted thi group; and R 20 and R 21 are the 
same or different, and each represents a hydrogen atom, a substituted or unsubstituted hydrocarbon group 
which may contain an unsaturated bond, or a substituted carbonyl group, or R 20 and R 21 may be combined 
with each other to form a ring and represent an aJkylene group having from 2 to 8 carbon atoms which may 
contain -0-, -NR 20 -, -NR 21 - t -OCO-, -NH-CO-, -S-and/or -S0 2 - in the linking main chain of the ring; 

(4) an organic peroxide; 

(5) a thio compound represented by the following formula (IV): 



R 22 -NH 
R 23 -OS 



or 



R 22 -N 
R 23 -C-SH 



(IV) 



wherein R 22 represents a substituted or unsubstituted alkyl group, or a substituted or unsubstituted aryJ group; 
and R 23 represents a hydrogen atom or a substituted or unsubstituted alkyl group, or R 22 and R 23 may be com- 
bined with each other to represent a nonmetallic atom group necessary for forming a 5-, 6- or 7-membered ring 
which may contain a hetero atom selected from an oxygen atom, a sulfur atom and a nitrogen atom; 

(6) hexaarylbiimidazole; 

(7) an aromatic onium salt; and 

(8) a ketooxime ester. 

The photopolymerizable composition of the present invention comprises an addition-polymerizable compound and 
a photopolymerization initiation system. 

The addition-polymerizable compound (polymerizable compound having an addition-polymerizable unsaturated 
bond) for use in the present invention is selected from compounds having at least one, preferably two or more, terminal 
ethylenic unsaturated bond(s) (hereinafter often referred to as an "ethylenic compound"). 

For example, the compound has a chemical form such as a monomer, a prepolymer, namely, a dimer, a trimer or 
an oligomer, a mixture of these or a copolymer thereof. Examples of the monomer and the copolymer thereof include 
an ester of an unsaturated carboxylic acid (e.g., acrylic acid, methacrylic acid, itaconic acid, crotonic acid, isocrotonic 
acid, maleic acid) with an aliphatic polyhydric alcohol compound and an amide of an unsaturated carboxylic acid with 
an aliphatic polyamine compound. 

Specific examples of the monomer for the ester of an aliphatic polyhydric alcohol compound with an unsaturated 
carboxylic acid include: 

acrylic esters, such as ethylene glycol diacrylate, Methylene glycol diacrylate, 1 ,3-butandiol diacrylate, tetrameth- 
ylene glycol diacrylate, propylene glycol diacrylate, neopentyl glycol diacrylate, trimethylolpropane triacrylate, tri- 
methylolpropane tri(acryloyloxypropyl) ether, trimethylolethane triacrylate, hexanediol diacrylate, 1,4- 
cydohexanediol diacrylate, tetraethylene glycol diacrylate, pentaerythritol diacrylate, pentaerythritol triacrylate, 
pentaerythritol tetraacrylate, dipentaerythritol diacrylate, dipentaerythritol hexaacrylate, sorbitol triacrylate, sorbitol 
tetraacrylate, sorbitol pentaacrylate, sorbitol hexaacrylate. tri(acryloyloxyethyl) isocyanurate and polyester acrylate 
oligomer; 

methacrylic esters, such as tetramethylene glycol dimethacrylate, triethylene glycol dimethacrylate, neopentyl gly- 
col dimethacrylate, trimethylolpropane trimethacrylate, trimethylolethane trimethacrylate, ethylene glycol dimeth- 
acrylate, 1,3-butanediol dimethacrylate, hexanediol dimethacrylate, pentaerythritol dimethacrylate, pentaerythritol 
trimethacrylate, pentaerythritol tetramethacrylate, dipentaerythritol dimethacrylate, dipentaerythritol hexamethacr- 
ylate, sorbitol trimethacrylate, sorbitol tetramethacrylate, bis[p-(3-methacryloxy-2-hydroxypropoxy)phenyl]dim th- 
ylmethane and bis(p-(methacryloxyethoxy)phenyl]dimethylmethane; 

itaconic esters, such as thylene glycol diitaconate, propylene glycol diitaconate, 1,3-butanediol diitaconate. 1,4- 
butanediol diitaconate, tetramethylene glycol diitaconat , p ntaerythritol diitaconate and sorbitol tetraitaconate; 
crotonic esters, such as ethylene glycol dicrotonate, tetramethylene glycol dicrotonate, pentaerythritol dicrotonate 
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and sorbitol tetradicrotonate; 

isocrotonic esters, such as ethylen glycol diisocrotonate, pentaerythritol diisocrotonate and sorbitol tetraisocroto- 
nate; 

maleic esters, such as ethylene glycol dimaleate, triethylene glycol dimaleate, pentaerythritol dimaleat and sorb- 
itol tetramaleate; and 
mixtures of these ester monomers. 

Specific examples of the monomer for the amide of an aliphatic polyamine compound with an unsaturated carbox- 
yl.caad include methylenebis-acrylamide. methylenebis-methacrylamide. I.S-hexamethylenebis-aaylamide 1 6-hex- 
' amethylenebis-methaaylamide. diethylenetriamine-trisacrylamide. xylyfenebisacrylamide and xyiylenebis- 
methacrylamide. 

Other examples include a vinylurethane compound having two or more polymerizable vinyl groups per one mole- 
cule resulting from adding a vinyl monomer having a hydroxy! group represented by the following formula (A) to a 
polyisocyanate compound having two or more isocyanate groups per one molecule described in JP-B-48-41 708: 

CH 2 =C(R)COOCH 2 CH(R')OH (A) 

wherein R and R" each represents H or CH3. 

Furthermore, polyfunctional acrylates and methacrylates such as urethane acrylates as described in JP-A-51- 
37193, polyester acrylates as described in JP-A-48-64183. JP-B-49-43191 and JP-B-52-30490, and epoxy acrylates 
resulting from reacting an epoxy resin with a (meth)acrylic acid may be used. Also, photo-curable monomers and oli- 
gomers described in Nippon Secchakg Kyokai-shi (Journal of Japan Adhesion Society), vol 20 No. 7 pp 300-308 
0984) may be used. The use amount of the compound is from 5 to 50 % by weight (hereinafter simply referred to as 
"%"), preferably from 10 to 40%, based on the entire components. 

Next, the photopolymerization initiation system for use in the photopolymerization composition of the present inven- 
tion wrilbe described below. The photopolymerization initiation system comprises a combination of at least two compo- 
nents The first component thereof is a sensitizing dye represented by formula (I). The sensitizing dye represented by 
formula (0 will be explained below. v y 

♦ * J" £T la (0 " Rl tC> R " 6aCh inde P endent| y represents a hydrogen atom, a halogen atom, an alkyl group, a substi- 
tuted alkyl group, an aryl group, a substituted aryl group, a hydroxy! group, an alkoxy group, a substituted alkoxy group 
an amino group, or a substituted amino group. Also. R-i to R4 each may be combined with a carbon atom in formula (I) 
to form a nonmetallic atom ring. v ' 

R 5 represents a hydrogen atom, an alkyl group, a substituted alkyl group, an aryl group, a substituted aryl group a 
heteroaromatic group, a substituted heteroaromatic group, a cyano group, an alkoxy group, a substituted alkoxy grouD 
a carboxyl group, an alkenyl group, or a substituted alkenyl group. R 6 has the same meaning as R 5 or represents -Z- 
R 5 . in which Z represents a carbonyl group, a sulfonyl group, a suHinyl group, or an arylenedicarbonyl group, provided 
that R 5 and are the same or different Also. R 5 and Rg may be combined with each other to form a nonmetallic atom 

_r'^ G ^ S ,?- S> NH> ° r 8 nitr09en atom havin 9 a s^tituent; B represents an oxygen atom or a group repre- 
sented by ^CG^Gs). in which G, and G 2 are the same or different, and each represents a hydrogen atom a cyano 
group, an alkoxycarbonyl group, a substituted alkoxycarbonyl group, an aryloxycarbonyl group, a substituted aryloxy- 
cajbonyl group, an acyl group, a substituted acyl group, an arylcarbonyl group, a substituted arylcarbonyl group, an 
: iSl^t f s " bstituted alk y ftni0 an Qroup. a substituted arylthio group, an alkylsulfonyl group a 

9r ° UA 3,1 ar y |sutfor, y | Sr 0 ^- a substituted arylsurfonyl group, or a f luorosurfonyl group pro- 
ved thatG, and 63 are not a hydrogen atom at the same time. Also. G, and 63 may be combined with a carbon atom 
in sCG^Ga) to form a nonmetallic ring. 

« ^ a TSf !Hf i M ? r ° UP represented bv R 1 to R s include « a'M 9^ having from 1 to 20 carbon atoms such 
as methyl, ethyl and t-butyl. Examples of the aryl group represented by R, to R 5 include an aryl group having from 6 to 
10 carbon atoms such as phenyl. Examples of the alkoxy group represented by R, to R 5 include an alkoxy group having 
from 1 to 6 carbon atoms such as methoxy. ethoxy and butoxy. Examples of the substituted amino group represented 
by Ri to R4 include alkytamino and arylamino groups having from 1 to 20 carbon atoms such as methylamino dimeth- 
ylamino. diethylamino. diphenylamino, piperidino and morpholino. 

The alkyl. aryl, alkoxy, alkylamino and arylamino groups may be substituted with at least one substituent Examples 
of the substituent include a halogen atom (e.g.. fluorine, chlorine, bromine), an alkoxycarbonyl group (e g ethoxvcarb- 
onyf). an alkoxy group ( .g.. methoxy, ethoxy). an aryl group (e.g.. phenyl), and a cyano group 
. J 1 R \ to ** are cornbined with a carbon atom to form a nonmetallic ring, examples of the sensitizing dye represented 
by formula (I) containing the nonmetallic ring include structures represented by the following formula (A) (B) and (C)- 
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The heteroaromatic group represented by R 5 may be substituted with at least one substituent. Examples of the 
substituent include a halogen atom (e.g., fluorine, chlorine, bromine), alkylamino and arylamino groups having from 1 
to 20 carbon atoms (e.g., dimethylamino, diethylamino, diphenylamino), an alkyl group having from 1 to 20 carbon 
atoms, and an alkoxy group having from 1 to 6 carbon atoms. Also, R 5 and R 6 may be combined with a carbon atom to 
form a nonmetall.c ring, and the exampl s thereof include a structure represented by the following formula (J)- 
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R. 



If A is a nitrogen atom having a substrtuent, examples of the substituent include those defined with regard to R 1 to 
R 5 (e.g., alkyl, aryl). 

B represents an oxygen atom or a group represented by ^CG^Ga), in which Gj and G 2 are the same or different, 
and preferably each represents a hydrogen atom, a cyano group, an alkoxycarbonyl group having an alkyl group having 
from 1 to 10 carbon atoms (e.g., ethoxycarbonyl), an aryloxycarbonyl group having an aryl group having from 6 to 10 
carbon atom (e.g., phenoxycarbonyl), an acyl group having from 1 to 6 carbon atoms (e.g., acetyl, propionyl), an aryl- 
carbonyl group having from 7 to 1 1 carbon atoms (e.g., benzoyl), an alkyrthio group having from 1 to 6 carbon atoms 
(e.g., methylthio, ethylthio), an arylsulfbnyl group having from 6 to 10 carbon atoms (e.g., phenylsurfonyl), an alkylsulfo- 
nyl group having from 1 to 6 carbon atoms (e.g., methylsuHbnyl, ethylsulfonyl), and a fluorosulfonyl group. 

The alkoxycarbonyl, aryloxycarbonyl, acyl, arylcarbonyl, alkylthio, arylthio, arylsulfonyl, and alkylsulfonyl groups 
may be substituted with at least one substituent. Examples of the substituent include a halogen atom (e.g., chlorine), 
an alkoxycarbonyl group having an alkyl group having from 1 to 6 carbon atoms, a carbcocyl group, an aryl group having 
from 6 to 10 carbon atoms, an alkoxy group having from 1 to 6 carbon atoms, and a cyano group. Also, the aryloxycar- 
bonyl, arylcarbonyl, arylthio, and arylsulfbnyl groups may be substituted with an alkyl group(s) having from 1 to 6 carbon 
atoms such as methyl in addition to the above-described substrtuents. 

If G 1 and G2 may be combined with a carbon atom to form a nonmetallic ring, the ring includes acidic nuclei which 
are generally used as merocyanine dyes. Examples thereof include the following: 

(a) 1,3-dicarbonyl nuclei, such as 1,3-indandione, 1 ,3-cyclohexanedione, 5,5-dimethyM,3-cyclohexanedione, and 
1 ,3-dioxane-4,6-dione; 

(b) pyrazolone nuclei, such as 3-methyl-1-phenyl-2-pyrazolirt-5-one. 1-phenyl-2-pyrazolin-5-on, and 1-(2-benzo- 
thiazolyl)-3-methyl-2-pyrazolin-5-one; 

(c) isoxazolinone nuclei, such as 3-phenyl-2-isoxasolin-5-one, and 3-methyl-2-isoxazolin-5-one; 

(d) oxyindole nuclei, such as 1-a]kyl«2,3-dihydro-2-oxyindole; 

(e) 2,4,6-triketohexahydropyrimidine nuclei, such as barbituric acid, 2-thiobarbituric acid, and derivatives thereof 
including 1 -alkyl (e.g., 1 -methyl, 1 -ethyl) derivatives, 1,3-dialkyl (e.g., 1,3-diethyl, 1,3-dibutyl) derivatives, 1,3-diaryl 
(e.g., 1,3-diphenyl, 1,3-di(p-chlorophenyl), 1,3-di(p-ethoxycarbonylphenyl)) derivatives, and 1-alkyl-3-aryl (e.g., 1- 
ethyl-3-phenyl) derivatives; 

(f) 2-thio-2,4-thiazolidinedione nuclei, such as rhodanine and derivatives thereof including 3-alkylrhodanine (e.g., 
3-ethylrhodanine, 3-allylrhodanine), and 3-arylrhodanine (e.g., 3-phenylrhodanine); 

(g) 2-thio-2,4-oxazolidinedione (2-thio-2,4-(3H, 5H)-oxazoledione) nuclei, such as 2-ethyl-2-thio-2,4-axazolidinedi- 
one; 

(h) thianaphthenone nuclei, such as 3(2H)-thianaphthenone, and 3(2H)-thianaphthenone-1,1-dioxide; 

(i) 2-thio-2,5-thiazolidinedione nuclei, such as 3-ethyl-2-thio-2,5-thiazolidinedione; 

(j) 2,4-thiazolidinedione nuclei, such as 2,4-thiazolidinedione, 3-ethyI-2,4-thiazolidinedione. and 3«phenyl-2,4-thia- 
zolidinedione; 

(k) thiazolidione nuclei, such as 4-thiazolidinone, 3-ethyl-4-thiazolidinone; 

(I) 4-thiazolidinone nuclei, such as 2-ethylmercapto-5-thiazolin-4-one, and 2-alkylphenylamino-5-thiazolin-4-one; 
(m) 2-imino-2-oxozolin-4-one (hydantoine) derivatives; 

(n) 2,4-imidazolidinedione (hydantoine) derivatives, such as 2,4-imidazolidinedione, and 3-ethyl-2,4-imidazolidine- 
dione; 

(0) 2-thio-2,4-imidazolidinedione (2-thiohydantoine) derivatives, such as 2-thio-2,4-imidazolidinedione, and 3-ethyl- 
2-thio-2,4-imidazolidinedione; 

(p) 2-imidazolin-5-one nuclei, such as 2-n-propylmercapto-2-imidazolin-5-one; and 
(q) furan-5-one. 
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Specific examples of the compounds represented by formula (I) in the present invention are shown below. 
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Among these, preferred are (1-12). (1-13). (1-16). (1-17). (1-21). (1-25). (1-36). (1-41). and (I-42) 
The sensitizing dyes represented by formula (I) for use in the photopolymerizaHe composition of the present inven 
tion may be used individually or in combination of two or more thereof composraon or me present .nven- 

The titanocene compound which is the second component in the photopolymerization initiation svstem of thP 
frr^^cnnlDrf " " ^^f^[j'"^ below. The titanocene compound of the pr^ent i^ertion may be^J^r^riatelyTel^cted 
'ZZ^T COmP ° Un 2 deSCri ^ ed ' for ""V* in Jp - A -59-152396 and JP-A-61-151 197 as lon^e ^CSt 

;rzs:::r generatin9 actve ■■ upon ^ » * ^ -the 

More specific examples of the titanocene compound include dicyclopentadienyl-Ti-dichloride dicyclopentadienvl- 

tTJS^HVn J* ^'^^^y'-Ti-bis^^.e-trifluorophen-l-yl, dicyclopentadienyfTi-bis- 

d^yclopentad.enyl-Ti- bis-2.4-difluorophen-1-y.. dimeftyteyclcpJtadieny.-T^is^S^seZ 
I, V i -Tf ! nafler referred to as " A ' 2 ^ dim « h ycylopemadienyl-Ti-bis-2.3S.6-tetrafluorophen 1 yl dinTeth- 

^o.^^ ° th l U ? e am ° Unt * the abovM,escnbed sensitizing dye and titanocene compound constituting the 
KlTuLTth^ 1 T SySt9m ,0f USe in the P^ymerfeable composition of the presS invSm J s suit 
a^dlr n ?^f 9 n^'7n 

XTwSTjeS^ 

sitizinodvSH?'' 23 " 6 COmp °^ on * the P resert inven *°" "*V contain, in addition to the above-described sen- 
iSS Sty C ° WP0Und ' COmP ° UndS (1) t0 (8) ■* fch wi " be described fcr the purpose of incrSs- 

(VD.^r« (.JoTor a (?° n * ha,09en b ° nd ^ 3 C ° mPOUnd ^ *• ^ 



a compound represented by formula (V): 
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T 



Y 1 



wherein X represents a halogen atom; Y 1 represents -CX 3 (X is a halogen atom), -NH 2 , -NHR 25 , -NR 25 R 25 or 
-OR 25 , in which R 25 and R 25 ' each represents an alky} group, a substituted alkyl group, an aryl group or a sub- 
stituted aryl group; and R 24 represents -CX 3 (X is a halogen atom), an alkyl group, a substituted alkyl group, 
an aryl group, a substituted aryl group, an alkenyl group or a substituted alkenyl group; 

a compound represented by formula (VI): 

(VI) 

CHa-n Xn 




wherein R 26 represents an alkyl group, a substituted alkyl group, an alkenyl group, a substituted alkenyl group, 
an aryl group, a substituted aryl group, a halogen atom, an alkoxy group, a substituted alkoxy group, a nitro 
group or a cyano group; X represents a halogen atom; and n represents an integer of from 1 to 3; 

a compound represented by formula (VII): 

R 27 -E-CH 2 . rn X m -R 28 (VII) 
wherein R 27 represents an aryl group or a substituted aryl group; R 28 represents -CO-NR 29 R 30 , 

N :N 




or a halogen atom, in which R 29 and R 30 each represents an alkyl group, a substituted alkyl group, an alkenyl 
group, a substituted alkenyl group, an aryl group or a substituted aryl group, and R 31 has the same meaning 
as R 24 in formula (VI); E represents -CO-, -CS- or -S0 2 -; and m represents 1 or 2; 

a compound represented by formula (VIII): 



23 



EP 0 747 771 A2 



0 \ 6-CH = CH^-R" 



(VIII) 



"S^ y esente h an ar * 01 heterocyclic group which may be substituted; ft" represents a trihaloalkyl 
or tnhaloalkenyl group having from 1 to 3 carbon atoms; and p represents 1.2 or 3; 

a carbonylmethylene heterocyclic compound having a trihalogenomethyl group represented by formula (IX): 



M C = 

I 

D35 



< 



0 
II 

C-f-R 3 " ) q (CX,) r 



(IX) 



wherein L represents a hydrogen atom or a substituent represented by formula: CO^UCX,) ■ M reore- 
1Z I EE*!,? unsubstituted *»*■"• W Q represents a sulfur atom, a selenium ato?an oX < 
atom a *alMmett^ene group, an alken-1.2-ylene grot*, a 1.2-phenylene group or an -M-R3* group. S3m 
and Q may be coined to form 3 or 4 ring members in a ring; R*> represents a carbocyclic or heterocwlfc 
aromatic group; R** represents a substituted or unsubstituted alky, group, a subsSd or JSSSZ 

atom, and q=0 and r=1, or q=1 and r=1 or 2; 
a 4-halogeno-5-(halogenomethylphenyl)oxa2ole derivative represented by formula (X): 




(X) 



CHa-t Xt 



wherein X represents a halogen atom; t represents an integer of from 1 to 3; s represents an integer of from 1 
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to 4; R 36 represents a hydrogen atom or a CH^X, group; and R 37 represents an s-valent unsaturated organic 
group which may be substituted; and 

a 2-(halogenomethylphenyl)-4-halogenooxazole derivative represented by formula (XI): 
S 



(XI) 




CH 3 - v X 



wherein X represents a halogen atom; v represents an integer of from 1 to 3; u represents an integer of from 
1 to 4; R 38 represents a hydrogen atom or a CH^Xy group; and R 39 represents a u-valent unsaturated organic 
group which may be substituted. 



Examples of the above-described compounds having a carbon-halogen bond include: 



compounds described in Wakabayashi et al, Bull. Chem Soc. Japan. 42, 2924 (1969) such as 2-phenyl-4,6- 
bis(trichloromethyl)-S-triazine, 2-(p-chlorophenyl)-4,6-bis(trichloromethyl)-S-triazine. 2-(p-tolyl)-4,6-bis(trichlo- 
romethyl)-$-triazine. 2-(p-methQxyphenyl)-4 > 6-bis(trichloromethyl)-S-triazine. 2-(2 , ,4 , -dichlorophenyl)-4,6- 
bis(trichloromethyl)-S-triazine, 2,4,6-tris(trichlaomethyl)-S-triazine, 2-methyl-4,6-bis(trichloromethyl)-S-triazine, 2- 
n-nonyl-4,6-bis(trichloromethyl)-S-triazin^ 

compounds described in British Patent 1,388.492 such as 2-styryl-4 ( 6-bis(trichloromethyl)-S-triazine, 2-(p-methyl- 
styryl)-4,6-bis(trichloromethyl)-S-triazine, 2r(p-methoxystyryl)-4 t 6-bis(trichloromethyl)-S-triazine and 2-(p-methox- 
ystyryl)-4-amino-6-trichloromethyl-S-triazine; 

compounds described in JP-A-53-133428 such as 2-(4-methoxynaphtho-1-yl)-4,6-bistrichloromethyl-S-triazine, 2- 
(4-ethoxynaphtho-1 -yl)-4,6-bistrichloromethyl-S-triazine. 2-[4-(2-ethoxyethy l)-naphtho- 1 -yI)-4,6-bistrichloromethyl- 
S-triazine, 2-(4,7-dimethoxynaphtho-1 -yl]-4,6-bistrichl6romethyl-S-triazine and 2-(acenaphtho-5-yl)-4,6-bistrichlo- 
romethyi-S-triazine; 

compounds described in German Patent 3,337,024 as set forth below: 
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CC1 3 



compounds described in RC. Schaefer et al, J. Org. Chem.. 29, 1527 (1964) such as 2-methyl-4.6-bis(tribromome- 
thyl)-S-triazine. 2A6-tris(tribromomethyl)-S-triazine, 2,4 l 6-tris(dibromomethyl)-S-tria2ine 1 2-amino^4-methyl-6-tri- 
bromomethyl-S-triazine and 2-methoxy-4-methyl-6-trichloromelhyl-S-triazine; 
compounds described in JP-A-62-56241 as set forth below: 
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' M — — 



CC1 3 




CC1: 




CCI3 



CCI3 
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CH 3 0 
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CH 3 0 




CH=CH-C^ o ^c— CCI3 
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0 2 H 



NC 



N N 

CH = CH ^ C \ 0 ^~~ CCl3 



II N 

CH = CH-C^ o Jp — CC1 3 
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H N 

CH = CH-C C — CC1- 
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CH = CH-C No Jc-CBr 3 
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CH=CH " c Nox !c— CCl, 
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CO, 



O 




S0 2 CBr 2 -C0 



-.^oV..-...,-... 




o 



o 



so 2 -cB^ ^ -c~^^<' nC4H, 

II X nC«H, 
0 



S0 2 -CCl 2 -C-N^ nCeH,? 

H ^nCaH,, 



CH 3 -0 




II \ 

0 CH- 
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0 2 N- 



o 



S0 2 - CClz-C-N 




ll X 

0 CH 3 




O. 



N N 

II II 



11C4H9— 0- 



o 



N N 

II H 

C C 

C^CH^ \CC1 2 -S0 2 - 



o 



As CH = CH/ C \0/' C \c Br2 -S0 2 VO 



N N 

II II 




compounds described in German Patent 2,641,100 such as 4-(4-methoxystyryl)-6-(3,3,3-trichloropropenyl)-2 
pyrone and 4-(3,4,5-trimethoxystyryl)-6-trichloromethyl-2-pyrone; 
compounds described in German Patent 3,333,450 as set forth below: 
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0 

/ fl \ /c+n, ccx,) r 
I ■ 

(Q = S, R 34 = a benzene ring) 







M 


L 


q 


(CX 3 ) r 


1 


C 2 H 5 


1,2-phenylene 


H 


1 


4-CCI3 


2 


CHgCeHs 


1,2-phenylene 


H 


1 


4-CCI3 


3 


C 2 H 5 


1,2-phenylene 


H 


1 


3-CCI3 


4 


C 2 H 5 


1,2-phenylene 


H 


1 


4-CF3 


5 


C 2 H 5 


5-CH3-1,2-phenylene 


H 


0 


CCI3 


6 


CH 2 CeH 5 


1 ,2-phenylene 


H 


0 


CCI3 


7 


C2H 4 OCH 3 


1,2-phenylene 


H 


1 


4-CCI3 1 



(the above compounds are included in the above<lescribed compounds (IX)) 
compounds described in German Patent 3,021,590 as set forth below: 
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^nJln . ^° represented by formula (II) as for use in the present invention is described below Ar pre- 
sents an aromatrc group selected from groups represented by formula (ll-a). R 7 and R« each reprSen^'h«l3 e n 
atom or an alkyl group having from 1 to 8 carbon atoms, or R 7 and R* may be combined eaTSto foSar 
bon nng (e.g ^clohexane. benzene ring) afong with a carbon atom. R*. R 1° R t ^^^ZZ^Z 

™amu D L S,^' ** IT ,« a,kDXy 9r ° Up ^ fr0m 1 to 1 2 ca*on atoms, a hydroxy! group an S 
L m ™„^f ° r , an " S ° 2 " R 9r0up ' in which reDresents a " a'M group having from 1 to 12 «*on 
atoms or an acyl, alkenyi or aryl (e.g.. phenyl) group having from 2 to 13 carbon atoms iSese aTkyl acvl alkentf aS 

« aZI r 3 having from 1 ,0 6 carbon ^L^SSJSKS 

an alkylene (e.g.. ethylene) group which may be substituted with an alkyl group or an arnino group R* W * 

o;,inwnicnR and R in formula (ll-b) are the same as those defined above 

and SSJ^^S^T 1 C ° mP0Und inClUde fo,,0W,n9 C ° mp0UndS deSCnbed in U a P8tent 4 - 318 ' 791 
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(II- 1 ) 
CH 



\=/ CH 3 \ / 



(II- 2 ) 



C 2 H 5 S 



•C — C N 

CH : 



(II- 3 ) 

o 




0 CH 3 > \ 

ii i / A 

C — C N 0 

ch 3 \— y 



(II- 4) 



HS 



7 X V— c. — r. M n 



C — C N 

I 

CH 3 



(II- 5) 
CH 



0 CH 3 j v 

II I / \ 
C — C N 0 

CH, \ / 



43 



EP 0 747 771 A2 



(II- 6) 



CH 




(II- 7 ) 




0 CH 3 j v 

c — c — tm 5 



I 

CH 



(II- 8) 



/ \ CH, 0 

/ \ I II 




(II- 9) 



0 CH 3 / \ 

II I / \ 
C — C-M o 



CH : 



CH 3 0 




44 



EP 0 747 771 A2 



(11-10) 

C 2 H S Q 



10 



15 



CH 2 



The ketooxime compound represented by formula (III) as component (3) for use in the present invention is 
described below. 

In formula (III), R 16 and R 17 are the same or different, and each represents a substituted or unsubstituted hydro- 
20 carbon group which may contain an unsaturated bond or a substituted or unsubstituted heterocyclic ring. R 18 and R 19 
are the same or different, and each represents a hydrogen atom, a substituted or unsubstituted hydrocarbon group 
which may contain an unsaturated bond, a substituted or unsubstituted heterocyclic group, a hydroxy! group, a substi- 
tuted oxy group, a mercapto group or a substituted thio group. R 20 and R 21 are the same or different, and each repre- 
sents a hydrogen atom, a substituted or unsubstituted hydrocarbon group which may contain an unsaturated bond, or 
25 a substituted catbonyl group, or R 20 and R 21 may be combined with each other to form a ring and represent an alkylene 
group having from 2 to 8 carbon atoms which may contain -0-, -NR 20 -, -NR 21 -, -0-CO-. -NH-CO-, -S- and/or -S0 2 - in 
the linking main chain of the ring. 

Specific examples of the ketooxime compound include the following compounds but the present invention is by no 
means limited thereto. 
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(I- 1 ) 



CH 3 . 



CH : 



>N-C 
CH 3 X | 



CH 3 



OCH 3 




(1-2) 



/ \ 5" 



o «— c 



CH 3 



SCH 3 




C = N-0 



( I - 3 ) 



0 N — C 




= H-0-CH«— 



(1-4) 





SCH 3 




0 


CH 3 
1 


c — 




1 

CH 3 


— C = N 
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CH 3 
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•c — 




C = N-0 
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C = N-0- n C, 2 H2s 



SCH : 



CH, 




0 N — C C= N-0-CHzCH*OCH 2 CH z OCH 3 
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w 



(1-8) 



0 N — C 



CH : 



CH : 



SCH 3 




= W-0-CH-,-^~^-C0.CH: 
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SCH: 




C=N-0-CH z C0 2 CH 3 



0 N — C - 



SCH, 




C = N-0-CHzSOzC z Hs 



CH 3 
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C = N-0-CH 2 CH 2 C0 2 CH 3 
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The organic peroxide as component (4) for use in the present invention includes compounds having an oxygen-oxy- 
gen bond in the molecule. Examples thereof include methyl ethyl ketone peroxide, cyclohexanone peroxide, 3,3,5-tri- 
methylcyclohexanone peroxide, methylcyclohexanone peroxide, acetylacetone peroxide, 1,1-bis(tert-butylperoxy)- 
3.3,5-trimethylcyclohexane, 1,1-bis(tert-butylperoxy)cyclohexane, 2,2-bis(tert-butylperoxy)butane, tert-butyl hydroper- 
oxide, cumene hydroperoxide, diisopropylbenzene hydroperoxide, paramethane hydroperoxide. 2,5-dimethylhexane- 
2,5-dihydroperoxide, 1,1,3,3-tetramethylbutyl hydroperoxide, di-tert-butyl peroxide, tert-butylcumyl peroxide, dicumyl 
peroxide, bis(tert-butylperoxyisopropyl)benzene, 2 ( 5-dimethyl-2,5-di(tert-butylperoxy)hexane. 2,5-dimethyl-2,5-di(tert- 
butylperoxy)hexine-3. acetyl peroxide, isobutyryl peroxide, octanoyl peroxide, decanoyl peroxide, lauloyl peroxide, 
3,5,5-trimethylhexanoyl peroxide, succinic peroxide, benzoyl peroxide, 2,4-dichlorobenzoyl peroxide, metatoluoyl per- 
oxide, diisopropyl peroxydicarbonate, di-2-ethylhexyl peroxydicarbonate. di-2-ethoxyethyl peroxydicarbonate, dimeth- 
oxyisopropyl peroxycarbonate. dr(3-methyl-3-methoxybutyl) peroxydicarbonate, tert-butyl peroxyacetate, tert-butyl 
peroxypivalate, tert-butyl peroxyneodecanoate, tert-butyl peroxyoctanoate, tert-butyl peroxy-3,5,5-trimethylhexanoate, 
tert-butyl peroxylaurate, tert-butyl peroxybenzoate, di-tert-butyl peroxyisophthalate. 2,5-dimethyl-2,5-di(benzoylper- 
oxy)hexan , tert-butyl peroxymaleic acid, tert-butyl peroxyisopropylcarbonate. 3,3\4,4'-tetra(t-butylperoxycarbo- 
nyl)benzophenone, S.S^.^etraJt-amylperoxycarbonyObenzophenone, 3,3',4,4'-tetra-(t- 

hexylperoxycarbonyl)benzophenone, S.S'^.^-tetraCt-octylperoxycarbonyObenzophenone, 3,3',4,4Metra(cumylperoxy- 
carbonyl)benzophenone. 3.3',4,4'-tetra(p-isopropylcumylperoxycarbonyl)benzophenone. carbonyldi(t-butylperoxy dihy- 
drogen diphthalate) and carbonyldi(t-hexylperoxy dihydrogen diphthalate). 
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^Tte M.-ommnd as «»« (5) wanted by formula (IV) fcr uaa in t» p-eaan, in™**, la desanbrf 
examples of the th,o compound represented by formula (IV) include the compounds shown in the table 



No. 


R" 


R 23 | 


1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0 
1 1 
1 2 
1 3 
1 4 


H 
H 

CH 3 

CH 3 

C 4 H 5 
C» H s 
C* H 4 C 1 
C. H 4 C I 
C 4 H 4 -CHa 
C» H 4 -OCH, 
C* H 4 -OCH, 
C* H 4 -OC: H 5 
C* H 4 -OC: Hs 
C* H 4 -OCHa 


H 1 

CH, 

H 

CHa 

C: H 5 

C 4 H 9 I 

CHa 

C 4 H 9 f 
C 4 H 9 1 

CHa 
C: Hs 
CHa 
C: H s 

C 4 H 9 J 


1 5 
1 6 
1 7 
1 8 

1 9 

2 0 
2 1 
2 2 
2 3 
2 4 
2 5 
2 6 
2 7 
2 8 

2 9 

3 0 
3 1 


- (CH 2 -Hr- 

~ (CH:^-rS- 

-CH (CH, ) -CH 2 -S- 

-CH: - CH (CH : ) -S- 

-C (CH, ) , -CH, -S- 

~ CH: - C (CHa ) , - S - 

" (CHzf, 0- 

( C H 2 -)— 3-O - 
~ (CH:H- 
- C 4 H- 4 - 0 - 
-N= C (S CH, ) - S - 
-C 4 H< -NH - 
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52-M278 and JP B J7ST£ 2° ^ °* m ^ ^ *»» COm P° unds desc *«i in JP-^ 4277^5 
*d 14Z78 and JP-B-52-14279. Specific examples thereof are set forth below. 
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45 Among these, preferred are compounds of BF 4 salt and PF 6 salt, more preferred are BF 4 and PF 6 salts of aromatic 
iodonium. 

Examples of the ketooxime ester as component (8) for use in the present invention include 3-benzoy!oxyiminobu- 
tan-2-one, 3-acetoxyiminobutan-2-one. 3-propionyloxyiminobutan-2-one, 2-acetoxyiminopentan-3-one, 2-acetoxy- 
imino-1-phenylpropan-1-one, 2-benzoyloxyimino-1-phenylpropan-1-one, 3-p-toluenesulfonyloxyiminobutan-2-one and 
so 2-ethoxycarbonyloxyimino-1 -phenylpropan- 1 -one. 

These additives (1) to (8) may be used individually or in combination of two or more thereof. The use amount is suit- 
ably from 0.05 to 1 00 parts by weight, preferably from 1 to 80 parts by weight, and more preferably from 3 to 50 parts 
by weight, based on 1 00 parts by weight of the ethylenic compound. 

The composition of the present invention contains the above-described photopolymerization initiation system usu- 
55 ally in a very low concentration. If the system is contained in an excessively high concentration, disadvantageous 
results come out such as cutting of effective light rays. The photopolymerization initiation system of the present inven- 
tion is preferably used in an amount of from 0.01 to 60% by weight, more preferably from 1 to 30% by weight, based on 
the total amount of the photopolymerizable ethylenic unsaturated compound and a linear organic high molecular poly- 
mer which is added if desired. 
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The photopolymerizaW composition of the present invention preferably contains a linear organic high molecular 
polymer as a binder. The linear organic high molecular polymer may be any compound as long as it is a linear organic 
high molecular polymer having compatibility with the photopolymerizable ethylenic unsaturated compound Preferably 
a water- or alkalescent water-soluble or swellable linear organic high molecular polymer capable of water development 
or alkalescent water dev lopment is selected. The linear organic high molecular polymer is used not only as a film form- 
ing agent of the composition but also as a water, alkalescent water or organic solvent developer which is appropriately 
selected depending on the use. For example, when a water-soluble organic high molecular polymer is used water 
development can be carried out. This kind of linear organic high molecular polymer includes an addition polymer having 
a carboxylic acd group on the side chain and examples thereof include a methacrylic acid copolymer, an acrylic acid 
copolymer, an itaconic acid copolymer, a crotonic acid copolymer, a maleic acid copolymer and a partially esterified 
maleic acid copolymer described in JP-A-59-44615. JP-B-54-34327. JP-B-58-12577. JP-B-54-25957. JP-A-54-92723 
JP-A-59-53836 and JP-A-59-71048. Furthermore, an acidic cellulose derivative having a carboxylic acid group similarly 
on the side chain is included. An addition product of a cyclic acid anhydride to the addition polymer having a hydroxyl 
group is also useful. Among these, a (benzyl (meth)acrylate/(meth)acrylic acid/other addition polymerizable vinyl mon- 
omer, rf desired] copolymer and an [allyl (meth)acrylate/(meth)acrylic acid/other addition polymerizable vinyl monomer 
if desired] copolymer are preferred. In addition, polyvinyl pyrrolidone and polyethylene oxide are useful as the water- 
soluble linear organic polymer. Furthermore, an alcohol-soluble polyamide and a polyether of 2.2-bis(4-hydroxyphe- 
nyl)propane with epichlorohydrin are also useful so as to increase the strength of the cured film. The above-described 
linear organic high molecular polymer can be mixed into the entire composition in any optional amount However if the 
mixing amount exceeds 90% by weight, disadvantageous results may be caused in view of the strength of an image 
formed and the like. The mixing amount is preferably from 30 to 85% by weight. The weight ratio of the photopolymer- 
izable ethylenic unsaturated compound to the linear organic high molecular polymer is preferably from 1/9 to 7/3 more 
preferably from 3/7 to 5/5. 

In the present invention, in addition to the above-described fundamental components, a slight amount of a thermal 
polymerization inhibitor is preferably added so as to prevent unnecessary thermal polymerization of the polymerizable 
ethylenic unsaturated compound during the production or storage of the photosensitive composition. Suitable examples 
of the thermal polymerization inhibitor include hydroquinone. p-methoxyphenol. di-t-butyl-p-cresol pyrogallol t-butyl- 
catechol. benzoquinone. 4.4'-thiobis(3-methyl-6-t-butylphenol). 2.2 , -methylenebis(4-methyl-6-t-butyfphenol) 'and N- 
nrtrosophenylhydroxyamine primary cerium salt The addition amount of the thermal polymerization inhibitor is prefera- 
bly from about 0.01 to about 5% by weight based on the weight of the entire composition. Also, if desired, a higher fatty 
acd denvatove such as a behenic acid and a behenic acid amide may be added to disperse unevenly on the surface of 
the photosensitive layer during the drying process after coating so as to prevent polymerization inhibition due to oxygen 
The addition amount of the higher fatty acid derivative is preferably from about 0.5 to about 1 0% by weight of the entire 
composition. 

Furthermore, a dye or a pigment may be added for the purpose of coloring the photosensitive layer. Examples of 
the coloring agent include a pigment such as a phthalocyanine pigment, an azo pigment, carbon black and titanium 
oxide. Ethyl Violet, Crystal Violet, an azo dye. art anthraquinone dye and a cyanine dye. 

The addition amount of the dye or the pigment is preferably from about 0.5 to about 5% by weight of the entire com- 
position. Also, an inorganic filler or other known additives such as a plasticizer may be added so as to improve physical 
properties of the cured film. K K 7 

Examples of the plasticizer include dioctyl phthalate, dkJodecyl phthalate, Methylene glycol dicaprylate. dimethyl 
glycol phthalate. tricresyl phosphate, dioctyl adipate, dibutyl sebacateand triacetyl glycerine and when a binder is used 
the plasticizer may be added in an amount of 1 0% by weight or less based on the total weight of the ethylenic compound 
and the binder. 

The photopolymerizable composition of the present invention is dissolved in various organic solvents and then 
coated on a support. Examples of the solvent include acetone, methyl ethyl ketone, cyclohexane. ethyl acetate ethyl- 
ene d.chlor.de, tetrahydrofuran. toluene, ethylene glycol monomethyl ether, ethylene glycol monoethyl ether ethylene 
glycol dimethyl ether, propylene glycol monomethyl ether, propylene glycol monoethyl ether, acetylacetone cyclohex- 
anone. diacetone alcohol, ethylene glycol monomethyl ether acetate, ethylene glycol ethyl ether acetate, ethylene gly- 

?i!!? TOIS( ? prC ? yl ether ' ethylene s,yco1 w™**™ ether acetate. 3-methoxypropanol. methoxymethoxyethanol 
diethylene glycol monomethyl ether, diethylene glycol monoethyl ether, diethylene glycol dimethyl ether, diethylene gly- 
col diethyl ether, propylene glycol monomethyl ether acetate, propylene glycol monoethyl ether acetate 3-methoxypro- 
pyl acetate, N,N-dimethyrformamide, dimethyl sulfoxide, y-butyrolactone, methyl lactate and ethyl lactate These 
to 50%b y n weight USed indMdUa " y ° r combina,ion - ^ *° M concentration in the coating solution is preferably from 2 

The coating amount thereof in terms of the weight after drying is preferably from aboul 0. 1 to about 1 0 q/m 2 more 
preferably from 0.5 to 5 g/m 2 . m» ».»«■«« 

As the above-described support, a dimensionally staW , plate-like material is used. Examples of the dimensionally 
stable, plate-like material include paper, paper laminated with plastics (e.g., polyethylene, polypropylene, polystyrene). 
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sh et of a metal such as aluminum (including aluminum alloy), zinc and copper, a plastic film such as cellulose diace- 
tate, cellulose triacetate, cellulose propionate, cellulose butyrate, cellulose acetate butyrate, cellulose nitrate, polyeth- 
ylene terephthalate. polyethylene, polystyrene, polypropylene, polycarbonate and polyvinyl acetal, and paper or plastic 
film laminated with or having evaporated thereon the above-described metal. Among these supports, an aluminum 
5 plate is particularly preferred because it is dimensionally stabl to an extreme extent and in addition, cheap. Also, a 
composite sheet obtained by bonding an aluminum sheet on a polyethylene terephthalate film as described in JP-B-48- 
18327 is preferred. 

A support having a metal, particularly an aluminum surface is preferably subjected to surface treatment such as 
graining treatment, dipping treatment in an aqueous solution of sodium silicate, potassium fluorozirconate or phos- 
10 phate, or anodic oxidation treatment. 

An aluminum plate subjected to graining and then to dipping treatment in an aqueous solution of sodium silicate 
may be preferably used. Furthermore, an aluminum plate subjected to anodic oxidation treatment and then to dipping 
treatment in an aqueous solution of alkali metal silicate as described in JP-B-47-5125 may be suitably used. The above- 
described anodic oxidation treatment is carried out by applying current to the aluminum plate as an anode in an elec- 
15 trolyte, for exampre, in an aqueous or non-aqueous solution of an inorganic acid such as phosphoric acid, chromic acid, 
sulfuric acid or boric acid or of an organic acid such as oxalic acid or sulfamic acid, which solutions may be used indi- 
vidually or in combination of two or more thereof. 

The silicate electrodeposition as described in U.S. Patent 3,658,662 is also effective. 

Furthermore, a surface treatment comprising a combination of the above-described anodic oxidation treatment and 
20 sodium silicate treatment with a support subjected to electrolysis graining as disclosed in JP-B-46-27481 , JP-A-52- 
58602 and JP-A-52-30503 is also effective. 

Moreover, a support subjected in sequence to mechanical graining, chemical etching, electrolysis graining, anodic 
oxidation treatment and sodium silicate treatment as disclosed in JP-A-56-28893 is also preferred. 

Still furthermore, a support may be suitably subjected, after the above-described treatments, to undercoating with 
25 a water-soluble resin such as a polymer or copolymer having a polyvinyl phosphonic acid or a sulfonic acid on the side 
chain, a polyacrylic add, a water-soluble metal salt (e.g., zinc borate), or a yellow dye or an amine salt. 

In addition, a sol-gel treated substrate having conjugation-bonded thereto a functional group capable of addition 
reaction by radicals as described in JP-A-7-1 59983 may be used suitably. 

The above-described treatments to achieve hydrophilicity are effected not only to render the support surface 
30 hydrophilic but also to prevent harmful reaction of the photopolymerizable composition to be coated on the support and 
at the same time, to improve the adhesion property of the photosensitive layer. 

In order to prevent polymerization inhibition action of the oxygen in air, a protective layer comprising a polymer hav- 
ing an excellent oxygen cutting property, such as polyvinyl alcohol, in particular, polyvinyl alcohol having a saponifica- 
tion degree of 99% or more, or an acidic cellulose, may be provided on the photopolymerizable composition layer on 
35 the support The coating method of the protective layer is described in detail, for example, in U.S. Patent 3,458 31 1 and 
JP-A-55-49729. 

The photopolymerizable composition of the present invention can be used for usual photopolymerization. Further- 
more, the composition can be used in various fields, for example, as a photoresist in producing a printing plate or a 
printed board. In particular, since the photopolymerizable composition of the present invention has such properties as 
40 high sensitivity and wide spectral sensitivity extending even to a visible light region, it can provide good effects when it 
is applied to a photosensitive material for a visible light laser such as an Ar + laser or a YAQ-SHG laser. 

The photosensitive material using the photopolymerizable composition of the present invention is subjected to 
imagewise exposure and then the unexposed area of the photosensitive layer is removed by a developer to obtain an 
image. When the above-described photopolymerizable composition is used in producing a lithographic printing plate, 
45 the developer as described in JP-B-57-7427 is preferably used and preferred are an aqueous solution of an inorganic 
alkali agent such as sodium silicate, potassium silicate, sodium hydroxide, potassium hydroxide, lithium hydroxide, 
sodium phosphate, sodium hydrogenphosphate, ammonium phosphate, ammonium hydrogenphosphate, sodium 
metasilicate, sodium bicarbonate or aqueous ammonia and an aqueous solution of an organic alkali agent such as 
monoethanolamine or diethanolamine. The alkali agent is added so that the alkali solution has a concentration of from 
so 0.1 to 10% by weight, preferably from 0.5 to 5% by weight. 

The above-described alkaline aqueous solution may contain, if desired, a surfactant or an organic solvent such as 
benzyl alcohol, 2-phenoxyethanol or 2-butoxyethanol, in a small amount. Examples thereof include those described in 
U.S. Patents 3,375. 171 and 3,615.480. 

Furthermore, the developers described in JP-A-50-26601 . JP-A-58-54341 , JP-B-56-39464 and JP-B-56-42860 are 
55 also excellent. 

The photopolymerizable composition of the present invention exhibits high sensitivity to activ light rays over a wide 
region of from ultraviolet light to visible light. Accordingly, the light source which can be used includes an ultrahigh-pres- 
sure mercury lamp, a high-pressure mercury lamp, a medium-pressure mercury lamp, a low-pr ssure mercury lamp, a 
chemical lamp, a carbon arc lamp, a xenon lamp, a metal halide lamp, various laser lamps such as visible and ultraviolet 
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laser lamps, a fluorescent lamp, a tungsten lamp and sunlight. 

TTie present invention will be described below in greater detail by referring to th examples, but the present inven- 
tor, should not be construed as being limited to these examples. All percents. parts, and ratios are by weight unless 
otnerwis indicated. 

EXAMPLES 1 TO 13 AND P. QMPARATIVE EXAMPLES 1 TO 7 

A 0.30 mm-thick aluminum plate was subjected to graining of the surface thereof using a nylon blush and a water 
suspense of 400-m<*h pumice stones and then well washed with water. After dipping it in a 1 0% sodium hydroxide at 
;° C ** 5 SeCOn * to f 6 * etchin9 - *» P ,ate was washed ™* O^ng water, neutralization-washed with a 20% nitric 
*Z1*T« WShed * rth * a,er - ^resulting plate was subjected to electrolysis graining treatment using a sinewav£ 

SZJ nTS? < T2T2%S 0n, *5 n8 ° f Va = 12 7 V in 8 1% aqu60US nitric acid 80,ution * an ««»• electricity 
1 ?1 ^ The SU ^° e r0U9hneSS meaSUred was 0 6 » < Ra indication >- Subsequently, the plate was 

dpped in a 30% aqueous sulfunc aod solution to effect desmutting at 55°C for 2 minutes and then subjected to anodic 
oxidation trwjnant « a 20% aqueous sulfuric acid solution at a current density of 2 A/dm* for 2 minutes to give an 
anodically oxidized film having a thickness of 2.7 g/m 2 . 

A photosensitive composition having the following composition was coated on the thus-treated aluminum plate to 
g.ve a dry coating weight of 1 .4 g/m 2 and then dried at 80°C for 2 minutes to form a photosensitive layer. 



Pentaerythritol tetraacrylate ' 

Allyl methacrylate/rnethacrylic acid copolymer (copolymerization molar ratio: 80/20) 
Photopolymerization initiation system 
Fluorine nonionic surfactant 
Methyl ethyl ketone 

Propylene glycol monomethyl ether acetate 



1.5g 
2.0 g 
(see Table 1) 
0.03 g 
20 g 
20 g 



m ^ol!!i US ' , f 0Vided P hotosensitive a 3 ««% ^"eous solution of polyvinyl alcohol (saponification degree: 
86.5-89 mol%, polymer.zat.on degree: 1,000) was coated to give a dry coating weight of 2 g/m 2 and dried at 100°C for 
2 minutes. 

The photosensitivity test was conducted to visible light. The visible light used was a monochromatic light from a 
xenon lamp as a light source through Kenko Optical Filter BP-49 a 

Fuii P^fS^? ra \ de ' e r ned usi "9 FUJI PS Ste P Guto (a step tablet having 15 stages, manufactured by 
?„S lm C °:" C t' whlch the *rarism.ssK)n optical density is 0.05 at the initial stage and increased in sequence 

^ L ^ * Wa l 6>mm by the Clear 81896 number 01 tne PS *P 9uWe at *» time when exposure was 
made at the .(luminance on the photosensitive layer surface of 0.0132 mW/cm 2 for 240 seconds. In addition the sensi- 
tivity was measured in the same manner after the samples in Examples 1 to 13 were stored in an oven at'so°C for 3 

to efSd^velopmem' 818 "** * ^ ** 1 mi " Ute " thS deV6l0per at 25 ° C ** 1 minute 



IK Potassium silicate 
Potassium hydroxide 

C l 2 H l 5 




S0 3 Na 



30 g 
15 g 



3 g 



Water 



1,000 g 
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The sensitivity was measured using the following compounds as a photopolymerization initiation system by varying 
the combination in the system and the results obtained are shown in Table 1 . The numerals in parentheses are in a unit 
of g. 
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10 



Comparative Dye a 




15 EXAMPLES 14 TP 36 AND COMPARATIVE EXAMPI P a 

Samples were prepared thoroughly in the same manner as in Example 1 except for changing the photopolymeri- 
zaton initiation system in Example 1 to the compounds described in Table 2 below and each sample was tested on the 
sensitivity in the same manner as in Example 1 . The results obtained are shown in Table 2 below. In addition the sen- 
20 srtmty was measured in the same manner after the samples in Examples 14 to 36 were stored in an oven at 50°C for 3 
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The results in Tables 1 and 2 show that the photopolymerizable c mpositions of the present invention containing a 
sensitizing dye represented by formula (I) and a titanocene compound as a photopolymerization initiation system have 
high sensitivity. 

Also, higher sensitivity can be obtained by using a compound represented by formulae (1) to (8) in combination. On 
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the oth r hand, if only one of the sensitizing dye and the titanocene compound is contained in th photopolymerization 
initiation system, or if an analogue compound which is out of the scope of the present invention is used, th effects of 
the present invention cannot be obtained. 

While the invention has been described in detail and with reference t specific embodiments ther of, it will be 
apparent to one skilled in the art that various changes and modifications can be made therein without departing from 
the spirit and scope thereof. 

Claims 

1 . A photopolymerizable composition comprising an addition-polymerizable compound having at least one ethylenic 
unsaturated double bond, a sensitizing dye represented by the following formula (I), and a titanocene compound: 




Ri 



wherein , R 2 , R 3 and R 4 are the same or different, and each represents a hydrogen atom, a halogen atom, 
a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl group, a hydroxyl group, a substi- 
tuted or unsubstituted alkoxy group, or a substituted or unsubstituted amino group, or R 1 , R 2 , R 3 or R 4 may be 
combined with a carbon atom in formula (I) to form a nonmetallic atom ring; 

R 5 represents a hydrogen atom, a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl 
group, a substituted or unsubstituted heteroaromatic group, a cyano group, a substituted or unsubstituted 
alkoxy group, a carboxyl group, or a substituted or unsubstituted alkenyl group; 

Re has the same meaning as R 5 or represents -Z-R 5 , in which Z represents a carbonyl group, a sulfonyl group, 
a sulfinyl group or an arylenedicarbonyl group, or R 5 and Ffe may be combined with each other to form a non- 
metallic atom ring; 

A represents O, S, NH, or a nitrogen atom having a substituent; and 

B represents an oxygen atom or a group represented by the following formula: 



G 2 



wherein and Gg are the same or different, and each represents a hydrogen atom, a cyano group, a substi- 
tuted or unsubstituted alkoxycarbonyl group, a substituted or unsubstituted aryloxycarbonyl group, a substi- 
tuted or unsubstituted acyl group, a substituted or unsubstituted arylcarbonyl group, a substituted or 
unsubstituted alkylthio group, a substituted or unsubstituted arylthio group, a substituted or unsubstituted alkyl- 
sulfonyl group, a substituted or unsubstituted arylsulfonyl group, or a f luorosulfonyl group, provided that G 1 and 
G2 are not a hydrogen atom at the same time, or G 1 and Gg may be combined with each other to form a non- 
metallic atom group together with a carbon atom. 

2. The photopolymerizable composition as claimed in claim 1 , which further contains at least one compound selected 
from the group consisting of the following compounds (1) to (8): 

(1) a compound having a carbon-halogen bond; 

(2) a keton compound represented by the following formula (II): 
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wherein R 7 and R 8 are the same or different, and each represents a hydrogen atom or a substituted or 
unsubstituted alkyl group, or R 7 and R 8 may be combined with each other to form a carbon ring with a car- 
bon atom; and 

Ar represents an aromatic group selected from the following formulae: 




wherein R 9 , R 10 , R 11 , R 12 and R 13 are the same or different, and each represents a hydrogen atom, a hal- 
ogen atom, a substituted or unsubstituted alkyl group, a substituted or unsubstituted alkenyl group, a sub- 
stituted or unsubstituted aryl group, a hydroxyl group, a substituted or unsubstituted alkoxy group, an -S- 
R 15 group, an -SO-R 15 group or an -S0 2 -R 15 group, provided that at least one of R 9 , R 1 °, R 11 , R 12 and 
R 13 represents an -S-R 15 or -SO-R 15 group, in which R 15 represents a substituted or unsubstituted alkyl 
group, a substituted or unsubstituted acyl group, a substituted or unsubstituted alkenyl group or a substi- 
tuted or unsubstituted aryl group; 

L 1 represents a single bond or a substituted or unsubstituted alkylene group; 

R 14 represents a hydrogen atom, a substituted or unsubstituted alkyl group or a substituted or unsubsti- 
tuted acyl group; and 
Y represents a hydrogen atom or 




wherein R 7 and R 8 have the same meanings as the above-described R 7 and R 8 ; 
(3) a ketooxime compound represented by the following formula (III): 
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wherein R 16 and R 17 are the same or different, and each represents a substituted or unsubstituted hydro- 
carbon group which may contain an unsaturated bond or a substituted or unsubstituted heterocyclic group; 
R and R 19 are the same or different, and each represents a hydrogen atom, a substituted or unsubsti- 
tuted hydrocarbon group which may contain an unsaturated bond, a substituted or unsubstituted hetero- 
cyclic group, a hydroxyl group, a substituted cocy group, a mercapto group or a substituted thio group; and 
R and R 21 are the same or different, and each represents a hydrogen atom, a substituted or unsubsti- 
tuted hydrocarbon group which may contain an unsaturated bond, or a substituted carbonyl group, or R 20 
and R 21 may be combined with each other to form a ring and represent an alkylene group having from £ 
to 8 carbon atoms which may contain -0-, -NR 20 -, -NR 21 -, -O-CO-, -NH-CO-. -S- and/or S0 2 - in the linking 
main chain of the ring; 



(4) an organic peroxide; 
25 (5) a thio compound represented by the following formula (IV): 



R 22 -NH r22_ n 

i 

R"-C=S or R 23 -C-SH 



23 A_ e _„ I ... ( IV ) 



R represents a hydrogen atom or a substituted or unsubstituted alkyl group, or R 22 and R 23 may be com- 
bined with each other to represent a nonmetallic atom group necessary for forming a 5-, 6- or 7-membered 
ring which may contain a hetero atom selected from an oxygen atom, a sulfur atom and a nitrogen atom; 

to (6) hexaarylbiimidazole; 

(7) an aromatic onium salt; and 

(8) a ketooxime ester. 

3. The photopolymerizable composition as claimed in claim 1, wherein the addition-polymerizable compound is a 
45 compound having at least one terminal ethyienic unsaturated bond. 

4. The photopolymerizable composition as claimed in claim 1, wherein the sensitizing dye is used in an amount of 
from 0.05 to 30 parts by weight based on 100 parts by weight of the addition-polymerizable compound. 

so 5. The photopolymerizable composition as claimed in claim 1 , wherein the titanocene compound is used in an amount 
of from 0.5 to 100 parts by weight based on 100 parts by weight of the addition-polymerizable compound. 



55 



72 



